PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 



INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 

C08G 18/08, 18/66, 18/80, D21H 17/57 



Al 



(11) International Publication Number: WO 99/67310 

(43) International Publication Date: 29 December 1999 (29.1 2.99) 



(21) International Application Number: PCT/SE99/01 1 13 

(22) International Filing Date: 18 June 1999 (18.06.99) 



(30) Priority Data: 

60/090,507 
988501 12.8 



24 June 1998 (24.06.98) US 
24 June 1998 (24.06.98) EP 



(71) Applicant (for all designated States except US): AKZO NOBEL 
N.V. [NL/NL]; P.O. Box 9300, NL-6800 SB Arnhem (NL). 

(71) Applicant (for SE only): EKA CHEMICALS AB [SE/SE]; 

S-445 80 Bohus (SE). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): BIERMANN, Chris- 
tian [DE/DE]; Konenstrasse 12, D-52349 Dtiren (DE). 
MACHEREY, Heribert [DE/DE1; Altenweiher 15, 
D-52372 Kreuzau (DE). GORZYNSKI, Marek [DE/DE]; 
Am Courtenbachshof 3, D-52349 DOren (DE). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GE, 
GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, 
KZ, LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, MN, 
MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, 
SL, TJ, TM, TR, TT, UA, UG, US, UZ, VN, YU, ZA, ZW, 
ARIPO patent (GH, GM, KE, LS, MW, SD, SL, SZ, UG, 
ZW), Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, 
TM), European patent (AT, BE, CH, CY, DE, DK, ES, FI, 
FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI patent 
(BF, BJ, CF, CG, CI, CM, GA, GN, GW, ML, MR, NE, 
SN, TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(74) Agent: NYANDER, Johan; Eka Chemicals AB, Patent Dept., 
P.O. Box 1 1556, S-100 61 Stockholm (SE). 



(54) Title: IONIC POLYURETHANES 



(57) Abstract 



The invention relates to a process for the production of charged polyurethanes comprising reacting isocyanate groups of a 
polyisocyanate with hydroxyl groups of alcohols comprising (i) a first alcohol selected from one or more diols containing at least 10 
carbons atoms; (ii) a second alcohol selected from alkylene diols having not more than 8 carbon atoms, alkyleneoxy diols having not more 
than 8 carbon atoms, polyols, and mixtures thereof; (iii) a third alcohol selected from (a) diols containing a charged group or atom, (b) 
diols containing an uncharged group or atom capable of charge formation and at least partially converting the uncharged group or atom 
into a charged group or atom, (c) polyols and further reaction of one or more hydroxyl group derived from the polyol with a compound 
containing a charged group or atom or a compound containing an uncharged group or atom capable of charge formation and at least partially 
converting said uncharged group or atom into a charged group or atom, and mixtures thereof. The invention further relates to charged 
polyurethane obtainable by the process, an aqueous dispersion thereof and the use thereof in a method of surface-treating a material in 
sheet or web form by applying the charged polyurethane to the surface of the materia). 
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IONIC POLYURETHANES 



Piftiri of the Invention 
This invention relates to charged polyurethanes, aqueous dispersions of 
5 charged polyurethanes, a process for their preparation and their use as additives in the 
manufacture of paper. 

aark ground of the Invention 
It is known in the art to use charged polyurethanes as external and internal sizing 
agents in the manufacture of paper. For instance. U.S. Pat. No. 3.971 .764 discloses sizing 
10 agents based on cationic polyurethanes prepared by (i) reacting an aliphatic diol havng an 
aliphatic substituent with at least 10 carbon atoms with a polyisocyanate to form a pre- 
polymer with terminal isocyanate groups which is subsequent* reacted with 00 a d,ol 
containing a tertiary nitrogen atom which is subsequently converted into the correspond^ 
ammonium compound, or (iii) a diol containing a nitrogen atom previously converted ,nto 
15 the corresponding ammonium compound. Similarly, U.S. Pat. No. 4.096.127 discloses 
sizing agents based on anionic polyurethanes prepared by step (i) above followed by 
reacting the obtained prepolymer with (iv) an aliphatic diol containing an acid group 
capable of salt formation and at least partially converting the acid group into a salt by 
reaction with a base, or (v) an aliphatic diol which carries a salt group. U.S. Pat. No. 
20 4 777 224 also discloses sizing agents based on anionic polyurethanes prepared by 
steps (i) (iv) and (v) above and with the additional use of a polyether compound wrth at 
least one OH group. Polyurethanes of these types generally result in good sizing response 
using low dosages of sizing agent. However, there is still a need for sizing agents based on 
charged polyurethanes with improved sizing, stability and application propert.es. 
25 It is accordingly an object of this invention to provide charged polyurethanes and 

aqueous dispersions thereof with improved sizing, stability and application propert.es. 
Further objects will appear hereinafter. The objects of the invention are achieved by a 
process for the production of charged polyurethanes. charged polyurethanes obtamable 
by the process, aqueous dispersions of charged polyurethanes and the use thereof, as 
30 further defined in the claims. 

Riimmar Y of the Invention 
The present invention- relates to a process for the production of charged 
polyurethanes which comprises reacting a polyisocyanat with alcohols comprising (i) a first 
alcohol selected from one or more diols containing at least 10 carbon atoms; (ii) a second 
alcohol selected from alkylene diols and alkyleneoxy diols containing not more than 8 
carbon atoms, polyols. and mixtures thereof; (iii) a third alcohol selected from (a) d.ols 



35 



SUBSTITUTE SHEET (RULE 26) 



10 



PCT/SE99/01113 

WO 99/67310 2 

containing a charged group or atom, (b) diols containing an uncharged group or atom 
capable of charge formation and at least partially converting th uncharged group or 
atom into a charged group or atom, (c) polyols and furth r reaction with a compound 
containing a charged group or atom or a compound containing an uncharged group or 
atom capable of charge formation and at least partially converting the uncharged group 
or atom into a charged group or atom, and mixtures thereof. 

notaiiPri nfisnription of the Invention 
The present invention generally relates to a process for the production of charged 
polyurethanes and charged polyurethanes obtainable by the process. The process 
comprises reacting isocyanate groups of a polyisocyanate with hydroxyl groups of d- 
and/or polyhydric alcohols comprising (.) a first alcohol selected from one or more diols 
containing at least 10 carbon atoms; (ii) a second alcohol selected from alkylene diols 
containing not more than 8 carbon atoms, alkyleneoxy diols containing not more than 8 
carbon atoms, polyols, and mixtures thereof; (Hi) a third alcohol selected from (a) diols 
15 containing a charged group or atom, (b) diols containing an uncharged group or atom 
capable of charge formation and at least partially converting the uncharged group or 
atom into a charged group or atom, (c) polyols and further reaction of one or more 
hydroxyl groups of the polyol with a compound containing a charged group or atom or a 
compound containing an uncharged group or atom capable of charge formation and at 
20 least partially converting the uncharged group or atom into a charged group or atom, and 
mixtures thereof. 

Charged polyurethanes encompassed by this invention comprises polyurethanes 
containing anionic and/or cationic groups, thereby forming anionic, amphoteric and cationic 
polyurethanes. According to the present invention there is provided anionic, amphoteric and 
25 cationic polyurethanes with outstanding properties. Aqueous dispersions of the present 
charged polyurethanes provide improved sizing which means that lower levels of sizing 
agent can be used to give a corresponding sizing effect, thereby leading to cost reduction 
and economic benefits. Further characteristics observed with the dispersions of charged 
polyurethanes of this invention include less foaming, very good or improved stability. 
30 compatibility, glueability, sizing response and coating performance over a broad pH range 
and when used in surface sizing, precoating and coating applications in combination w.th 
conventionally used components, e.g. electrolytes, starch and derivatives thereof, pig- 
ments, other synthetic polymers, etc., as well as improved toner adhesion and ink jet 
properties. 

35 The process of this invention can b earned out in several ways. It is possible to 

react the polyisocyanate with the first, second and third alcohols simultaneously, i.e. in a 
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so-called one-shot process. For instance, this mode of operation can be employed when 
using as th third alcohol (b) a diol containing an uncharged group or atom capable of 
charge formation, where charge formation suitably takes place when the polyurethane 
has been formed. However, it is generally preferred to carry out the process as a two-step 
5 or three-step process, for example by introducing the alcohols one after another into the 
process for reaction. The terms "one-shot process", "two-step process" and "three-step 
process" as used herein, refers to processes where the alcohols are introduced into the 
reaction medium for reaction essentially simultaneously, in two steps and in three steps, 
respectively. Running the process in at least two steps makes ft possible to read the 
10 polyisocyanate with the alcoho.(s) initially introduced into the reaction medium so as to form 
a preliminary adduct or prepolymer with isocyanate group(s). usually in a terminal porton. 
and chain-lengthening the preliminary adduct by reaction with the a.coho.(s) subsequently 
introduced into the reaction medium, the latter alcohol(s) functioning as a chain-extender, 
or chain-lengthening agent, or branching agent. Preferably the first and second alcohols are 

15 introducedintothep^^^ 

The first alcohol can be introduced into the process before, simultaneously with or after the 
second alcohol. In a preferred embodiment of the invention, the polyurethane is prepared 
by reacting the polyisocyanate with the first a«coho« to form a preliminary adduct haw* 
terminal isocyanate groups; chain-lengthening the preliminary adduct by reaction w,th the 
20 third alcohol, and optionally converts of any uncharged groups or atoms as defined 
above so as to render the polyurethane charged, wherein the second alcohol .n the 
course of the process is introduced for reaction, for example as defined above. 
Generally, when using a third alcohol of the type (b) or (c). which requires one or more 
additional reaction steps in order to introduce a charged group or atom, it is generaHy 
25 preferred to prepare the polyurethane by first reacting the isocyanate groups of the 
polyisocyanate with the hydroxy! groups of the first, second and third alcohol, and then 
conducting any additional step(s). e.g. reacting the product obtained with a compound 
containing an uncharged group or atom capable of charge formation and converting an 
uncharged group or atom into a charged group or atom. However, such additional step(s) 
30 may also be carried out earlier in the process, for example before introducing the last 

alcohol into the process. 

In the process of this invention, the alcohol termed "first alcohol" is a diol, or d.hyd- 
ric alcohol, containing at I ast 10 carbon atoms. The first alcohol can be selected from al,- 
phatic and aromatic diols, preferably aliphatic diols. The term "aliphatic", as used here,n. 
35 refers to an essentially hydrocarbon structure apart from designated functional groups, 
which hydrocarbon structure may be interrupted by one or more heteroatoms. e.g. oxygen 



SUBSTITUTE SHEET (RULE 26) 



PCT/SE99/01113 

WO 99/67310 4 
and niaogen and/or one or more groups coining heteroatoms. e.g. carbonyl and acylox, 
^e term "aro.a^, as used here*, refers to an aromafic. essenfi* hydrocarer* 
lire apart from des.gna.ed fitncfiona, groups, ««, Hydrocarbon sKudure may be 
by one or more hematoma, e.g. oxygen and nfiregen. and,or one or more 
- ne.eroa.oms, e.g. earthy, and acytox, group, SuHaHe M alcoho* 

3 :Z £LL- we*, pdymedc «s, e.g. polyene, pdyether end po^ene 
« and non-pc,»menc M. pr*ra«y non-po.ymeno die*. Preferred H alcohols 
t*de aUo dl having an aliphafic s^ain subs«uent Aiiphafic d to ,s cany.g 

,n o ain connecfing me two hydroxy, greups, I.e. In me main ohain. and preferred afiph fie 
In ^ns Jude alkylenes and d^eneamlnea. The a,iphatie subs«uen. ma, confcm 
Z ft uTuitab* JL. ,0 and preferabfy from 10 ,o 22 carbon a.oms. Preferred firs, 
SIT - L sided from afph* diols havmg an alpha* subs«uen, .» a. ,as 
T«Z a.oms. When me mam chain contains a he.eroa.om which Is nrtrogen. - 

1S re.er.ha. me nKregen eames me aliphatic subs«uent Examp.es o, surtable fire, 
a^Tlndude fan, add monoeders of aids such as glyoero,. trimethylolemane and ,n- 

zs£Z eg. — — - — ^ m— a,es and m ° nooi r 

Tend LL*— « ollgomenc es.rdlo, such as diester d* e.g. moa 
„ jl ned by reading a dicarboxyfc add. e g. adipic add. with a meter excess of a d,ol. e.g. 

dihydroxy a,Kylenes. e.g. 1.2- and l,4*»drox»odadecanes; and 

ILL e.g. N.N.bis.p^xyemyDs.ea^.amWe. Glyoero, monos.eara.e ,s 

^ — - -* - - indude "'^ 

Mixtures comprising ,wo or more firs. akahds can also be used. 
, 5 ,„ «,e precess of this invenfion. me alcohol termed "second a!cohol can be low 

molecular weigh, dioi. or dihydric alcohd. having no. more than 8 carbonate dte can be 
^ed JaMene die*. e.g. emyiene glycol, propvtene g„co,. 1.4-bu.aned o, and 
1 6 hTanediof lyteneoxy dids. e.g. diethylene giyoo,. ,he,h„ene glyco., .ethylene 

30 55 and diemyiene glyC. The *o,s suKab, contain = carbon atom s and 
tTerably from 2 te 4 carbon atoms. Alternately, or addifionaily. me alcohol temted 
Cd aicohor can be a p** or po^yddc aicohoi, i.e. an aicohol with a, leasee 
hydroxy, groups. Prefers*, the pdyol Is aliphafic. Usual,, the polyol contains from 3 to 
otln aL. noteb* no. m«* man 8 carbons. SuHab, po„o,s indude *•« 

35 1ST tnmethyte, emane. trimethyld propan , and penteerylhrttel. Preferred po*ote 
tSL* Lw- Propane and penteery^nte,. Among * poiyote. i. Is genera,, 
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p^ferred .0 use frtol. and .edaols. preferably Wols. The s cond alcohol shou,d 

be free from charged groups and atoms and a,so free from groups end stems capable of 

^Trprooess o, mis invent the alcoho, termed 1*. afcohor ts a «. or 
aihydric atcoho,, whld, ts chafed or capable of charge formation or e polyo. or 
pj^ydric aicoho,. capable of further reaction and, op«ona,ly. subsequent charge 
ollon. Mbrtures ofdrird aKohols can also be used. Prefersb* the thM alcoho - an 
aliph* compound. . ts further generaily preferred mat me « alcoho, » a * I . in 
peered embodiment of me invendon. .he process ieads to me forma.™ of a 
potyurethane * anionic in nature, in another preferred «*«?-^ 

nvenbon. me process ieads to the formation o, a potyurethane wh,ch , — - 
nature In yet another preferred embodiment of the invention, the process leads to the 
tonoaton of an amphoteric polyurethane wNch, in turn, may be anionic or cauonic ,n 



15 ' Accordfcgly. .he .hird alcoho, can be selected from (a, a diol containing a 

charged group or atom, i.e. an anionic or cadonic group or atom. In the process ate, 
Jon wito ft. polyisocyanate or a penary adduc. having Isocyanafe groupfs 
.vpe „ d,o. produces a chafed polymer or polyurethane. Examples o, aniens groups 
!Ta.on,s that can be present in .he die. include carboxylate. phosphate rmd s*na.e 
20 groupe, preferably cartoxyla.es, whk* can be chained by neulrafcmg a d,o. ha , g a 
carboxylic add or sulfonic acid group, such as .he monoes.er reacuon produce of .no* 
(usually dimemylotethane. aimelhylolpropane, giycerol) and dicarboxylic acids or 
anhydddes .hereof (usua.ly sued* add or anhydride, ferephthalic acd or anhydnde, 
M glycerol monosucdnate, glycerol monoterepWhalate. .nme.hylo,propane mono- 
25 succle. trimethylolprcpane monoterephfhalate. N.N-bMhydroxyethylHIydne. d,- 
(hydroxymedtyllpropionic add. N.N-bis-lhydroxyeurylW-aminoetttanesulfontc add and 
T Ke b, Lcden wi* a base, such as an alKal, metal hydroxy e.g. sodaan 
hydroxide, or an amine, e.g. ufethylamine, .hercby fornring an alkali meta, or ammonium 
unter-ion. Example o, cadonlc groups or a.oms dta, can be preaen. In M did indude 
30 cadonically dtarged sulfur, phosphorous and nitrogen, e.g. in the form of sulfonium 
groups, phosphonium groups and an— groups *e add addKon sal* of pnm*y 
secondary and tertiary an*o groupe and quaternary ammonium groups, preferably 
ammonal *dupa and mos. prefarably add addidon sal* of .ertiery amino groups and 
quafe-nar, anrmonium groups. Examples of stable cadonic diols (a) mdude aad 



35 



auatemary ammonium y .uu H *. ■. — - 

addidon saas and quaternion produde o, N-alkandio, diamines and IMH * 
noiamines *e 12-propanedk.l-Mmemylamlne, N-memyl diethanoiamine. N^hyl * 
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ethanolamine, N-propyl diethanolamine, N -nLtyl diethanolamine and N-t-buty. diethan^ 
amine N-stearyl diethanolamine and N-methyl dipropanolamin , pref rably N-alkyl 
diethanolamines in which the alkyl groups contain 1 to 4 carbon atoms, in particular N- 
methy. diethanolamine. The acid addition sate can be derived from acids, such as form,c 
> acid hydrochloric acid, sulfuric acid. etc.. and the quatemization products can be denved 
from alkylating agents like methyl chloride, dialkyl sulfates, e.g. dimethyl sulfate, benzyl 
halides e g benzyl chloride, epihalohydrins. e.g. epichlorohydrin. and alkylene oxides, e.g. 
ethylene oxide and propylene oxide. Examples of suitable diols containing a cationic group 
are disclosed in internet Pat. Appl. Pubi. No. WO 97/45395 and US Pat. No. 5.561.187. 
the teachings of which are hereby incorporated herein by reference. 

Alternatively, or additionally, the third alcohol can be selected from (b) a d.ol 
containing an uncharged group or atom capable of charge formation. In the process 
after reaction with the polyisocyanate or a preliminary adduct having isocyanate group(s). 
this type of diol produces an uncharged prepolymer or polyurethane which is then further 
15 reacted in order to produce a charged polyurethane by partially or wholly converting the 
uncharged groups or atoms derived from the diol (b) into charged groups or atoms. The 
third alcohol of (b) can be a diol containing a group or atom that can be rendered an,on,c 
by reaction with a base. Examples of suitable uncharged groups or atoms of th.s type 
include acid groups like sulfonic acid, phosphoric acid and carboxylic acid groups, usually 
a carboxylic acid group. The anionic charge can be formed by neutrafeing the acid group 
present in the polyurethane by reaction with a base, such as alkali metal hydroxide, e.g. 
sodium hydroxide, or an amine, e.g. triethylamine. thereby forming an alkali metal or 
ammonium counter-ion. Suitable non-ionic diols (b) that are potentially anionic include the 
monoester reaction products of triols (usually trimethylolethane. trimethylolpropane, 
glycerol) and dicarboxyiic acids or anhydrides thereof (usually succinic acid or anhydnde, 
terephthalic acid or anhydride) like glycerol mcnosuccinate, glycerol monoterephthalate, 
trimethylolpropane mcnosuccinate and trimethylolpropane monoterephthalate. as wen as 
N N-bis-(hydroxyethyl)-glycine, dKhydroxymethyO-propionic acid. N.N-bis-(hydroxyethy.)- 
2-aminoethanesulfonic acid, and the like. Alternatively, the second alcohol of (b) can be a 
diol containing a group or atom which can be rendered cationic by reaction with an add 
or an alkylating agent. Examples of surtable uncharged groups or atoms of th,s type 
include sulfur and nitrogen atoms, e.g. in the form of sulfide and amine groups, preferably 
a nitrogen atom, where the nitrogen can be present as a prima*, secondary or tertiary 
amin group, preferably a tertiary amino group. Th cationic charge can be formed by 
reacting the uncharged groups or atoms pres nt in the polyurethane with an acid and/or 
alkylating agent, thereby forming cati nic groups or atoms, such as sulfonium and 



20 
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• ,™ orouos eg in the form of acid addition sells (protoneted nitrogens) and 

— groups — — - — — 

I » L ere potentially cetionie inciude N-alKandio, dlalKylammes end N-alKyl d*a 
^mTtTf 2-propenedio^tt.ytamine, N-me,h», diemanolamine. W *■ 

' t Tne end N lm»l dipropanolamine. preferably N-elkyl diemanolamlnes n which 
ethanolamine end N methyl p P ^ dlethanola mine. 

I^Cl mefhy, *lodde. dialXyl sulferes, e., dime.,, auKefe^ 

,0 benzy. ohtodde. epihafchyCns, e,. ep*h,orohydd, end a,Ky,ene oxides. e. 9 . 

in the process. when the polyol (c) has been incorporated ,n.o the 
20 ^InX ration w«h e prel^ary adduc. having isocyanafe group,,, at M 
l hydroxy, group derived from .he polyo, is raected w«h .he compound (d 
Z ZZ T^ uroups or a.oms oepable 0, cherge forme.,on denved 
and. opbonally, any ^ groups or 

* (0 Wude gWcerol. diglycerol. bimeWo. ed,ene, mmemyU- 

pTTeZ^ * Preferred polyo,. include gWceral. ***** P«P- and 
Among - po>o,s. . is preferred .0 use .ri* end — 
Surtable compounds ,d, Indude dicarboxylic acids, dioarboxy* 
ice^oxyllo add chtondes, preferably dicerboxyltc acids and anhydndes, 
30 *Mddes. Suable dlcartoxylic acids, anhydddes and acid chloddes can be seeded 
T m eiiphabc and/or aromebc compounda containing a, lees. 2 carbon atoms, preferably 

Z H dLn a.oma. e.g. sucdnic acid end anhyddde. gtutartc add end enhy nd. 
from 1U ^ anhyd[ . de ^ using a 

r on of a carboxyl group which can be converted into the corresponding 
35 to format.cn of a M > P ^ # g 8odium 

carboxylate group by reaction with a case, sucn 
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hydrox* or an am*e, e.g. triethylamine. According*, the use of the third afcoh* (c> 
I me compound (d, usuaily produce an*n,c groups which ma, be present m an,on,c 

5 „ se.eo.ed from «*. However, . the third aiccho, is a polyo, (o, and me second alcohrt 
Lisoapo^msp.fened.ha.meyaredmeren.po^s. Potyisocyanate* In* 
« in the process of th* invent include a,pha*. aroma* and m«ed 

aliphaKCaromatic compounds. The ,erm -po.yisocyana.e-, as used mm r^l 
Ipound wim a, least ». isocvana.e groups. Among ma poiyUocyana.es, t ,s genar^y 
10 pmfermd .0 use <Ksocyana.es. 1M*re polyisocvana.es coning mora man two 
CI groups are used, e.g. «socvana.es. ,. U prCened .o adm, mem wim d„so- 

pVocyana.es ger«ra,l, a. Known in me a, for examp. 
Encyclopedia o. Polymer Science and Engineering, Vol 13, Second Ed, 1988. pp. 243 
is hemb, ,ncorpora.ed herein by refemnce. Exampies o, su«able dilates 
15 ndude .oluene-2.4- and 2, M iisocyanates. aipnenyimemane^.^socyana.e,^- 
Lvlene diisoc»ena.e. aic y clohax yl mamane^,4--diisocyena.e, cyclohexane-1 ,4^so- 
ZZJUL diisocyanate and me „*, .. is aiso poss^e to use blocKed isocya- 

^'"reTpmces, me moiar ra«o o, hydroxyl groups o, me « second .and 
20 mird alcohols .o isocyanate groups of me polyisocyana.e can vary -in wrde Mm 
Zlg on, for example, type - afcohols used, ^pe o. po,yisocyana.e used , * 

05-1to2-1,su«ablyfrom0.7:1to1.3:1andpre(erablyabout0.9 ; 1to1.1:1. 

Generate proportons baleen me «rs, second and mird afcohois used 
25 according .0 ma inven«on can vary wHhin wide M The process is usual* earned ou. 
ZTm abou, 1 .o about 80 mote% o, ,„ hydrox* grcupe o, me firs, aicoboi, from abort 
75 mole* o, 00 hydroxy! groups o, me second afcoho. and from abou. 0 o 
ahou, 00 mo*% of Oil) hydroxy, groups of me third alcobo., me sum « M>-> * <» 
,„) ♦ <„,) being 100; suUably (., is <rom 5 .0 70 mc1e%, (It) is .mm 2 «o 65 mo,e% and (...) to 
30 1 1 o 70 L« and prnferab* 0, Is from 10 ,o 60 mo te %. (I., Is frrxn 3 m 50 mo^ 
1 0") is *om 25 .0 60 m. te %. In a planed embody, me M acoho. . - 
S'Jlnan. amoun. such m, me motor ra^s o, ft hydroxy, groups o, »~ 
(„) hydroxy, groups o. me second atobo, and .0 (II.) hydroxy! groups o, *e m,rd a.oohol 
are bom greaterman 1:1. Usually these producto give improved sizing efficiency. 

The process of this invention can be carried ou. m convertional manner, for 
example as disdosed in U.S. Pat. Noe. 3,971,764, 4,006.127, 4,617,341, 4,777.224 and 
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5 561 187 and Intemat. Pat. Appl. Publ. No. WO 97/45395, the teachings of which are in- 
corporated herein by reference, except that different reactants are used in this process. As 
isocyanates are susceptib. to nucleophilic attack and readily react with water, the process 
is preferably carried out in a reaction medium free from water and undesired nuc.oeph.les. 
5 Suitably the reaction is carried out in a water-free inert organic solvent, e.g. acetone, 
optionally in the presence of a catalyst, e.g. diacetoxy-dibutyl-tin. After completed reaction, 
any further reaction can be carried out and the reaction medium can be worked-up .n 
conventional manner. Examples of useful steps include addition of water, acid, and/or 
alkali- evaporation of solvent, and the like. Acid and alkali are often added for formation of 
10 charged groups in the polyurethane. The polyurethane obtained should suitably be water- 
soluble or water-dispersable. and water can thus be added for formation of an aqueous 
polyurethane dispersion. Usually the polyurethane produced has an average molecular 
weight of at least 500. suitably at least 1.000. 

The present invention further relates to the aqueous dispersion of charged 
15 polyurethane and the use thereof as an additive in the manufacture of paper. The 
dispersions may contain from about 1 to 50% by weight of polyurethane, suitably from 5 to 
25% by weight. The dispersion may of course be di.uted wrth water prior to use. The term 
■paper*, as used herein, refers to all types of cellulosic products, including paper, board 
and paper board. 

20 In a preferred embodiment, the polyurethane dispersion is used as a s*.ng 

agent The dispersion can be added to the paper making stock (internal sizing agent) or 
applied to the paper surface (externa, sizing agent), preferably to surface size paper. In 
addition to the charged polyurethane. the aqueous composition used for surface s,z,ng 
commonly referred to as sizing liquor, usua.ly contains starch or a derivative thereof. 
25 Pigments may be present in certain applications. The amount of polyurethane added to the 
stock or applied to the paper surface may be from 0.001 to 25% by weight, calculated as 
dry charged polyurethane on dry ce..u.osic materia, and optiona! filler, suitably from 0.01 to 
5% by weight. In another preferred embodiment, the dispersion is used as a component of 
a coating or precoating composition, usually for coating paper. The present coating compo- 
30 sftion may contain any of the pigments conventionally used in coating and pre-coatmg 
compositions including, for example, kaolin, titanium dioxide, calcium carbonate, cha.k. 
aluminum oxide, aluminium silicate, satin white, barium sutfate. silica, talk, calcium sulfate, 
zink oxide, zirkonium carbonate, magnesium carbonate, the contents of which ar usually 
at least 20% by weight, based on the coating composition. The amount of dispersion of 
35 charged polyurethane present in the coating composition can be from 0.01 to 25% by 
weight, suitably from 0.01 to 8% by weight, calculated as dry polyurethane on dry coating 
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composition. The amount ofcoaflng composition comprising charged poVurethane applied 
, 0 Z paper surface may be v«n (he ranges deschbed above, called as dry chafed 
polyurethane on dry celluloslc material and optional filler. 

The present invention further relates to a process for surface-treattng a matenal ,n 
5 sheet orwebform. e.g. paper or polvmenc film, by applying tome surface of .he matenal a 
tm osiUon e.g. an aqueous compost, composing me charged polyurethane descnbed 
Z 1 Jon* drying * surtace-freafed materia, thus obtained. The common. 
ST- be a surface sizing compost, a plgmen, coato, composition, etc ,s su«* 
^ied to the surface in amounts descnbed above, calotlafed as dry polyurethane on dry 
m material in sheet or web form. 

The invenflon is further illustrated I. .he folding non.,imi«ing examp.es. Parts and 
percemages re.ate to parts b, weigh, and percent by weigh,. respec*»ly. unless omerwise 
stated. 

Example 1 

15 A charged polyurethane according to the invention was prepared - 

ml (420 mmol, ottoluene disocyanate (hereinafter TDl) were added .0 a sohrbon of 7M 9 
SI, 0! g*cerol monosfearate (hereinafter CMS, in ,00 . 0, J~ 
Ls heafed under reflux for 1 h in the presence 0, a catalybc amoun, 0. 
raoe.a.e Next 3.76 g (40.8 mmo.) 0, glycerol were added and beefing conbnued. 35 
20 ^ . (129 lo„ 0, dHhydroxymethyO-propionic acid (herCatter 

; 0 04.3 mmo,, 0, ^ea,,^hano,m,ne (hereinafler N-MDEA) in 200 g acetone 
w re a ded. The reaction mfclure was heated under reflux for addltora, 1 h and men 
"Led with 116 ml of 1 M NaOH <a,) and .000 m, water. The acetone was evaporated 
in vacuum yielding an aqueous dispereion of anionic polyurethane. 

Example 2 

25 A Charged polyurethane according .0 the inventor was prepared essentially as in 

Example 1 except the, TDl was added to an acetonlc solution of both QMS and glycerol 
Th^ un er reflux ,or 70 ran DMPA and N-MDEA were added as above folded 
I reactor mlx^e under reflux tor add^a, 2 h. The reacfion mMure was 
30 worked-up as in Exampte 1 . yielding an aqueous dispersion of anionic poiyurethane. 

Exampje3 

A charged poiyurethane according to the Inventor was prepared essenMy as 
,n Example 1 except .ha. 5.0 g ,54.3 mmol, o. glycerol. 14.8 g ,110 mmo,) of DMPA. T46 
g (12.3 mmol) of N-MDEA and 100 ml of 1 M NaOH wer used. Worfdng-up ,h reacflon 
35 mixture yi Ided en aqueous dispersion of anionic polyurethene. 
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Example 4 

A charged polyurethane according to the invention was prepared essentially as in 
Example 1 except that glycerol was replaced with 3.8 g (61.2 mmol) of ethyleneglycol. 
Working-up the reaction mixture yielded an aqueous dispersion of anionic polyurethane. 
g Example 5 

A charged polyurethane according to the invention was prepared essentially as in 
Example 1 except that glycerol was replaced with 5.5 g (61.2 mmol) of 1 ,4-butanediol. 
Working-up the reaction mixture yielded an aqueous dispersion of anionic polyurethane. 

Example 6 

^ o A charged polyurethane according to the invention was prepared essentially as in 

Example 1 except that glycerol was replaced with 7.2 g (61.2 mmol) of 1 ,6-hexanediol. 
Working-up the reaction mixture yielded an aqueous dispersion of anionic polyurethane. 

Example 7 

A charged polyurethane according to the invention was prepared essentially as in 
15 Example 1 except that glycerol was replaced with 4.7 g (61.2 mmol) of 1,2-propanediol. 
Working-up the reaction mixture yielded an aqueous dispersion of anionic polyurethane. 

Example 8 

A charged polyurethane according to the invention was prepared essentially as in 
Example 1 except that glycerol was replaced with 4.2 g (30.6 mmol) of pentaerythritol. 
20 Working-up the reaction mixture yielded an aqueous dispersion of anionic polyurethane. 

Example 9 

For comparison purposes, a charged polyurethane was prepared following the 
procedure according to Example 1 except that no glycerol was used and the amounts of 
DMPA, N-MDEA and 1 M NaOH were 24.6 g (183 mmol), 2.43 g (20.4 mmol) and 165 
25 ml. respectively. Working-up the reaction mixture yielded an aqueous dispersion of 
anionic polyurethane. 

Example 10 

For comparison purposes, a charged polyurethane was prepared according to 
the teachings of U.S. 4,777,224, as follows: 15 ml (105 mmol) of TDI were added to a 

30 solution of 18.3 g (51.0 mmol) of QMS in 50 g of acetone. The mixture was heated under 
reflux for 1 h in the presence of a catalytic amount of dibutyl-tin-diacetate. Next, 2.85 g 
(21 2 mmol) of DMPA, 2.58 g (21.7 mmol) of N-MDEA in 50 g acetone and 13.8 g (6.89 
mmol) of polyethylene glycol with an average molecular weight of 2000 were added. The 
reaction mixture was heated under reflux for additional 90 min and then treated with 14.4 

35 ml of 1 M NaOH (aq) and 250 ml water. The acetone was evaporated in vacuum yielding 
an aqueous dispersion of anionic polyurethane. 
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Example 11 

A charged polyurethane according to the invention was prepared as follows: 15 ml 
(105 mmoi) of TDI were added to a solution of 18.3 g (51.0 mmoi) of QMS in 50 g of 
acetone. The mixture was heated under reflux for 1 h in the presence of a catalyfc 
amount of dibutyl-tin-diacetate. Next, 0.94 g (10.2 mmoi) of glycerol were added and 
heating continued. 25 min later, 1.97 g (7.65 mmo.) of N-MDEA quaternized with 
epichlorohydrin (a hydroxy-functional quaternary ammonium compound prepared 
according to the teachings of WO 97/45395; hereinafter N-MDEA-ECH) and 
subsequently 3.34 g (28.1 mmoi) of N-MDEA in 50 g acetone were added. The 
temperature was increased and the reaction mixture was heated under reflux for 50 m.n. 
The resulting acetonic solution was poured into 27 ml of 1 M HC. (aq) and 250 ml water. 
Acetone was removed in vacuum giving an aqueous dispersion of cationic polyurethane. 

Ex ample 12 

A charged polyurethane according to the invention was prepared essentially as in 
15 Example 11 except that no N-MDEA-ECH was used and the amounts of N-MDEA and 1 M 
HCI were increased to 4.26 g (35.7 mmoi) and 34 ml, respectively. The product obta,ned 
was an aqueous dispersion of cationic polyurethane. 

Example 13 

For comparison purposes, a charged polyurethane was prepared following the 
procedure according to Example 1 1 except that no glycerol was used and the amounts of 
N-MDEA and 1 M HCI were increased to 5.17 g (43.4 mmoi) and 39 ml, respectively. The 
product obtained was an aqueous dispersion of cationic polyurethane. 

Example 14 

For comparison purposes, a charged polyurethane was prepared following the 
25 procedure according to Example 12 except that no glycerol and no N-MDEA-ECH were 
used and the amounts of N-MDEA and 1 M HCI (aq) were increased to 6.08 g (51.0 
mmoi) and 48.5 ml. respectively. The product obtained was an aqueous dispers.cn of 
cationic polyurethane. 

Example 15 

30 Sizing efficiency of the anionic polyurethane dispersions according to Examples 

1-10 was evaluated by means of the Cobb test, using German DIN standard 5312 which 
i8 a common method in the art. The Cobb* values correspond to paper absorpt.on of 
water, expressed in g/m 2 of water take-up after 1 min contact time. 

Sizing liquor containing the polyurethane dispersion was applied with a 
35 laboratory size press to an unsteed base paper. The sizing liquor also contained 5% of 
oxidatively degraded starch. 



20 
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The values measured on the sized paper sheets are presented in Table 1, 
wh re dosage of the polyurethan dispersion (in %) refers to dry anionic polyurethane on 
dry paper. 

Table 1 





Cobbeo 


Dnlwi irothanA ntenersion used 

r Uiyui c III ell io uiopwwiwii UJVrfU 


U.U/3 /O 


n 10 % 


0 15 % 


0.2 % 


example no. i 




24 


22 


21 


Example No. 2 


40 


28 


25 


23 


Example No. 3 




26 


22 


21 


Example No. 4 




35 


23 


21 


Example No. 5 




33 


23 


22 


Example No. 6 




36 


24 


21 


Example No. 7 




62 


26 


23 


Example No. 8 




24 


22 


20 


Example No. 9 (comparison) 


88 


75 


34 


28 


Example No. 10 (comparison) 




85 


31 


25 



5 



As can be seen from Table I, the sizing efficiency of the polyurethane 
dispersions of Examples 1 to 8 according to the invention showed significant improved 
sizing efficiency over polyurethane dispersion of Examples 9 and 10 used for 
comparison. 

10 Example 16 

Sizing efficiency of the cationic polyurethane dispersions according to Examples 
11-14 was evaluated as in Example 15. The results are presented in Table 2, where 
dosage of the polyurethane dispersion (in %) refers to dry cationic polyurethane on dry 
paper. 



15 Table 2 



Polyurethane Dispersion used 


Cobbeo 


0.10% 


0.15 % 


Example No. 1 1 


61 


25 


Example No. 12 


79 


27 


Example No. 13 (comparison) 


82 


33 


Example No. 14 (comparison) 


88 


45 
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As can be seen from Table 2, the sizing efficiency of the polyurethane 
dispersion of Examples 11 and 12 according to the invention showed significant 
improved sizing efficiency over polyurethane dispersion of Examples 13 and 14 used for 
comparison. 
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Claims 

1. A process for the production of charged polyurethanes comprising reacting 
isocyanate groups of a polyisocyanate with hydroxyl groups of different alcohols comprising 
(i) a first alcohol selected from one or more diols containing at least 10 carbon atoms; 

5 (ii) a second alcohol selected from alkylene diols having not more than 8 carbon atoms, 
alkyleneoxy diols having not more than 8 carbon atoms, polyols, and mixtures thereof; 
(Hi) a third alcohol selected from (a) diols containing a charged group or atom, (b) diols 
containing an uncharged group or atom capable of charge formation and at least partially 
converting the uncharged group or atom into a charged group or atom, (c) polyols and 

10 further reaction of one or more hydroxyl group derived from the polyol with a compound 
containing a charged group or atom or a compound containing an uncharged group or 
atom capable of charge formation and at least partially converting said uncharged group 
or atom into a charged group or atom, and mixtures thereof. 

2. A process for the production of charged polyurethanes according to claim 1, 
15 characterised in that in the production of anionic polyurethanes, the first alcohol 

is an aliphatic diol having an aliphatic side-chain substituent having at least 10 carbon 
atoms. 

3. A process for the production of charged polyurethanes according to claim 1 or 
2, characterised in that the polyurethane is anionic. 

20 4. A process for the production of charged polyurethanes according to claim 1, 

characterised in that the polyurethane is cationic. 

5. A process for the production of charged polyurethanes according to claim 1 , 
characterised in that the polyurethane is amphoteric. 

6. A process according to any of the preceding claims, characterised in 
25 that the third alcohol is selected from (a) diols containing a charged group or atom, (b) 

diols containing an uncharged group or atom capable of charge formation, and mixtures 
thereof. 

7. A process according to any of the preceding claims, characterised in 
that the first and second alcohols are introduced into the process for reaction before 

30 introducing the third alcohol. 

8. A process according to any of the preceding claims, characterised in 
that (i) the first alcohol is an aliphatic diol having an aliphatic substituent with at least 10 
carbon atoms; (ii) the second alcohol is selected from diols, triols, tetraols, and mixtures 
thereof, and (ii) the third alcohol is selected from N-alkandiol dialkylamines, acid addition 

35 salts thereof and quaternization products thereof, N-alkyl dialkanolamines, acid addition 
salts thereof and quaternization products thereof, diols containing a carboxylic acid 
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group, diols containing a carboxylate group, diols containing a sulfonic acid group, diols 
containing a sulfonate group, and mixtures thereof. 

9. A process according to any of the preceding claims, characterised in 
that the process is carried out using from 10 to 60 mole% of (I) hydroxyl groups of the first 

5 alcohol, from 3 to 50 mole% of (II) hydroxyl groups of the second alcohol and from 25 to 60 
mole% of (III) hydroxyl groups of the third alcohol, the sum of percentages of (I) + (II) + (III) 
being 100. 

10. Charged polyurethane obtainable by a process according to any one of 
claims 1 to 9. 

10 11. Aqueous dispersion containing a charged polyurethane according to claim 

10 or containing a charged polyurethane produced according to any of claims 1 to 9. 

12. A method of surface-treating a material in sheet or web form by applying a 
composition to the surface of the material, characterised in that the composition 
comprises a charged polyurethane according to claim 10 or an aqueous dispersion 

15 containing a charged polyurethane according to claim 11. 

13. A method according to claim 12, c h a r a c t e r i s e d in that the material in 
sheet or web form is a cellulosic product. 

14. A method according to claim 12 or 13, c h a r a c t e r i s e d in that it is a 
surface sizing method which is carried out using an aqueous sizing composition. 

20 15. A method according to claim 12 or 13, characterised in that it is a 

paper coating method which is carried out using an aqueous pigmented composition. 
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